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OBJSGT OF I»V5STIQATI0N 



Th« object of the InTeetigatlon wae to deteroine the 
characteristics of the nagnetic ft»l Injection ralve as re- 
gards vel^t of fnel injected per stroke t regularity and 
reproducibility of spray penetration* and the start of in- 
jection and duration of ralro opening under various conditions 
of speed* pressure and condenser charge » 
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P]C3QRIP?I0K OF APPARATUS 



The ma^etlc injection ralro ie shown in section in Figure 1. It 
consists of a needle valve stem with a small projecting shoulder hrased 
to its end* a plunger core which acts as guide for the needle* an araature 
with twelve crosswiss wagnetic larainationa in it, which surrounds the 
pltinger core* and a laainated pole core through which the electrical wind- 
ing of 40 tume of Mo, 20 wire passes. The valve needle* pltmgcr core* 
and araaturo pass through a hole drilled in the pole core at right angles 
to the laaiiiations of the pole core and araature. The armature is free 
to move axially through a dietonce of ,033 Inches, before coming into con- 
tact with a stop. There is .006 Inches clearance between the end of the 
armature and the face of the shoulder on the valve stem. Therefore, the 
armature lifts the needle after ,005 inches of travel and the needle has 
a total lift of .028 inches. The needle is hold against Its seat by a 
spring acting against the end of the stea, and the armature Is held in 
place by another spring. When the armature Is in place, its magnetic 
lominations do not line up with the msignetic laminations of the pole 
core. Thus* when an electrical current flows throu^ the coil, lines of 
flux are set up in the polo core laminations and the laminations of the 
armature. Those flux lines produce a force tending to reduce the re- 
luctance of the core by moving the armature axially and aligning the 
armature Iminatlons with those of the polo core, thus lifting the needle. 
The entire inner portion of the body Is filled with oil under pressure 
(the oil Btirrounds valve stem, plunger* armature * and springs). The 
valve stem has an axial passageway rallied in its surface to allow the oil 
to reach the valve face. When the valve lifts, the oil is forced through 
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Figure 1 



thli pa«sa€«way and thane© thro'Ul'ih an orific© ,022 Inch©© tn dlaa©ter 
Into the cylinder. 

The electrical current necessary for operation of the vnlr© is 
supplied hy the discharge of condensers. The condensers are alternately 
charged hy a 24-rolt storage battery and discharged throng the abore 
aentloned coll by moans of breaker points operated by a C£ua shaft. In 
the test apparatus there was one condenser of 700*xalcrofarads and three 
of 200-nlcrofarods capacity, any or all of whldi could be connected in 
parallel by means of sin^e pole, single throw, knife- blade switches, 
as shown in wiring diagraa. Figure 3, 

The apparatus used in testing the magnetic in^Jection ralwe is 
shown in Figure 2, The apparatus consisted of a rarlable speed motor, 

A, directly connected to a shaft, on one end of which waS mounted the 
breaker points, B. The breaker points servo to alternately charge con- 
densers, C, from the storage battery, B, and discharge the condensers 
throu^^ the coll of the magnetic injection valve, S. Fuel was supplied 
to the magnetic valve as follow© . A fuel tonk, K, wns mounted on one 
platform of a bnlnnce to ponait measurement of the wei^t of fuel in- 
jected. The balance was fitted with two mercury bath contact switches 
so that at the instant balance was obtained the circuit was closed and 
a small neon li^t, 0, was illuninated. Fuel flowed either by gravity 
or by action of the fuel transfer pump, E, to filter, J, and thence to 
the hl^ pressure pump, X, (not clearly shown in Figure 2), From the 
piKip the fuel passed, under pressure, to a reservoir, L, and thence to 
the the magnetic valve which injected It into the spray chamber, U. 
Another fuel line connected the reservoir with the regulator, H, The 
regulator wua an adjustable, spring-loaded, by-pass valve which allowed 
the pressure of the fuel supplied to the magnetic valve to be varied. 
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Thit ramgo of variation was froBi two hundred or three hundred pounds 
per square inch to thirty-seven hundred pounds per square inch, the 
asjclBum capacity of the high pressure puap. The regulator discharged 
the hy-pnssed fuel to the fuel tank, A scheaatic diogr-ia of the fuel 
system is shown in Figure 4, 

On the opposite end of the motor shaft from the “breaker points 
was mounted an adjustn“blet cali“bratedt rotary spark gap, 0, which con- 
trolled the instant of illumination of the spray “by a neon light, P. 

The neon light illuminiated the spray chsm“b«r throufji an opening in the 
top, Slectrical power for the neon light was supplied “by transformers 
end kenotron tubes, Q. Stroboscopic illumination was thus obtained. The 
wiring diagram of the power circuit and stroboscopic circuit is shown in 
Figure 5, 

Eevolutions were recorded by a counter, R, which was operated 
throu^ a chain and sprockets from the main shaft. 
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The toste were conducted with oil havlni; the followlnfj chcr«ictex^ 

istics: 



In conducting the tnvoetigatlon, the fuel in the cyntea was adjusted to 
the following presstires, aeasured at the reservoir: 1000« 1500 * 2000# 

2500 f 3000 t and 3700 pounds per seuare inch; the speeds used were 300 » 

600. TOO. 900, HOC. ond 1300 revolutions per tiinute for each of the above 
proBsures; and at the following condenser capacities for each of the above 
pressTires and speeds: 1300. 1100 , 900 . 700, find 600 microfarads. In «»d- 
dltion to the above, additional tests were run at 2500 lbs per soro.nre inch 
pressure and all the above speeds for condenser capacities of 1460, 1760, 
1960, 2160, and 2360 Tnicrofarads, 

The Method of running a teat was as follows: the regtilator was ad- 
justed to give the dosirod pressure with the doslred condenser capacity 
and at the desired speed, then the weights on the balance were adjusted 
until the f\iol platfora was slightly heavy. When oufficient f^iel had been 
injected to cmiao the scales to balance, as shown by tho small neon li^t, 
G, the revolution counter was engaged and a stop watch started, A weight 
of 0,1 pound, or 0,2 pounds, was removed from the platform balance at thie 
time. Speed was kept constant throu-^out the run by means of the motor 
field rheostat and & tnchonetor, Wlien the scales balanced again, as shown 
by the light, the revolution counter was dieengaged nnd the stop watch 



Gravity (at 71,6®F) degrees API 
Yiscoslty (at 71.6®D S.U.S. 
Surface tension, djmes/cm 
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The pressure, speed, and condenser capacity were kept constant 
and the rotary spark adjusted until the fuel was seen to he just 
starting to emerge from the valve orifice. The dial (O, Fig. 2), cal- 
ibrated in degrees, was reed, and this point recorded. The spark gap 
(O, Fig, 2) was adjusted to a position one degree later and the penetration 
of the tip of the spray cone rend on the scale in the spray chaaher. Read- 
ings of penetration wore made at one degree inlerralo until the end of 
injection, as shown by the breaking of the spray cone at the nossle. 

The above procedure was rspented for nil combinations of preesxire, 
speed, end condenser erspacity stated above. 

It should be noted that in all cases whore speed is referred to in 
this paper, camshaft speed (injections per minute) is meant, and not engine 
crankshaft speed. 
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In e«neral» It it found that fuol injection eytteeg for tolid 
injection Ditttl engine t nay he divided into two general typeet the 
eoaseon rail eyttoa and the Jerk-pueip eyetsm. The comon rail systen 
coneiete of a retonroir which eenrot at a oomnon tupply tource for all 
cylindtrt end from which teparate fxiel llnet load to the injection Talret 
of the tevoral cylinders. The injection valves in this system are 
actuated >y some positive method (cams» otc.)and the fuel in the reser- 
voir it kept at the designed pressure by a single pvmp. The capacity of 
the reservoir is very large in comparison to the aaotmt of ftiel injected. 
Pressure surges set ig) in the fuel line as each vpJve opens are quickly 

damped out and are of nsgXigiblo effect* as is shown by the DeJuhase 

(!)• 

analysis given in Figure 10 (a and b)and Appeiidix X. The magnetic 
injection valve system is of this type* the electric operation of the 
valve serving to give a positive* practically instantaneous* opening and 
closing of the nssdlo valve as oontrasted with the slower action of the 
cam-actuated valve. 

The Jerkypuop system has a ssparate high pressurs pump for sach 
cylinder* sadi with its direct lead to the injection valve it supplies. 
The injection valve is spring loadsd and opens when ths fuel pressure 
built up by the Jsrk*piietp In the line exceeds the spring pressure of the 
valve. The punp discharges fuel into the line to the valve during only 
a small portion of the stroke* and the fuel disohargsd from the piMip is 
by-passed to the stgjply system during the remainder of the stroke. The 

m 

Mtxibers In parentheses refsr to rsfsrsncss given in the Bibliography. 
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Interral dtiring which tha ptaep ditchargas into the fual lln© to tha 
valva is controlled hy the operator. Inveatigationt^^^ here shown 
quite definitely that there are preettire surges in these systeisa of 
such Bagaitude as to cause the valwe to open and shut repeatedly during 
the desired period of Injection with consequent irregolarities in the 
mount of fuel injected and in spray penetration. In spite of these 
disadrantages I howSTer* the Jerk-puBp systeai is in wide use on snail 
engines. 

In analysing the porferhance of the Bagaetic injection rnlret 
it is found that three variables; speed* pressure* and condenser capacity* 
eentrol its perfornance. In the laboratory all these nay be varied by 
the operator* bat in actual practice the injection pressure for an engine 
it a constant* the speed varies with the load* and the condenser charge 
is the only variable which nay be controlled by the operater. When the 
effect of these three variables upon: (A)* quantity of fuel injected* 

(£)• point at which injection starte; (C}* duration of injection; and 
(D}« penetration* was considered* the fellewing results were found* 



A, - Quantity of fuel injected, - If the Bognetic injection valve 
is considered as a siaple orifice* open only during a snail portion of 
each stroke* and it is considered that the opening and closing of the 
valve is instantaneous* it moy be expected that the weight of fuel in- 
jected per stroke will vary with the pressure according to the efflux 
equation: 



C aX ^ ibs/oecond* where 



A e area of the orifice in square feet 

)( a wel^t density of the fuel, pounds per cubic foot 

C a discharge coefficient 
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K » .4 ohiae 
Sc«= 24 voltt 

0 « 1300 microfarads and 600 microfarads 
An inspection of Fieurs 7 will show that for the sob# cirenit resistance, 
but for different condenser capacities (1300 «aid 600 Microfarads in Fig- 
ure 7), the point of opening of the valve varies but little with change 
in capacity. The variation in dur'»tion of opening (as shown in '*?'igure 6) 
is almost entirely due to a change in the tine of closing. The valve 
closes earlier as the condenser capacity is decreased. 

The dotted curve (C = 1300 ®fds, E » ,6 ohaas) in Figure 7 de«on- 
■trates the effect of liicroasing the reclstance In the circuit. This in- 
crease in resistance has a negligible effect on the points of opening and 
closing of the valve, but it sejrves to dsasp out the oscillating current. 

This oharaoteristlc could bo put to great advantage in the ease of a 
circuit so tuned that its succeeding oscillations, nftor the first, would 
be so large as to again lift the needle. The use of an increased resis- 
tance would bo effective in preventing nor© than one Injection per suction 
stroke. 

In general, the quantity of fuol Injected varies as predicted. 

Figure 8 (a to f) shows the weight of fuel injected per stroke for various 
speeds condenser capacities, at constant pressures, while Figure 9 
(e to d) shows the weight of fuel injected per stroke for various speeds 
end pressures for constant condenser capacitlss. Figure 8a (3700 Ibs/sq. 
inch pressure) shows a saooth contour, while the other figures of Figure 8 
show ’•valleys*’ at rr.rlous points on their surfaces, the nost apparent being 
the ’’valley*' at 1100 injectlons/alnute in Figure 8c (2500 Ibs/oq. inch 
pressure). In attempting to fix a c;u8o for the appearance of these 
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FIGURE 8 

THE INFLUENCE OF 5PEED AND 
CONDENSER CAPACITY UPON FUEL INJECTED 
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FIGURE 8 

THE INFLUENCE OF GPEED AND 
CONDENSER CAPACITY UPON FUEL INJECTED 
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‘•valleys’* In th« various curves, the followin/5 possihilitles were in- 
vssti^ted; (1) preesurs surges in the line hetween tho reservoir and 
the oagnetic valve, aoEentarily affecting the flow hy reducing tho value 
of the pressure term In the efflux equation; (2) presence of possible 
resonant conditions in the system; (3) the effect of the vibrations of 
the spring-mass system of the pressure regulator (bypass), H, upon the 
hydraulics of the system; and (4), the possibility that at low condenser 
capacities, the force of the Kagnatic fl\ix was insufficient to keep the 
valve wide open during the full period of In.^ection, 

The effect of possible pressure surges was the first considered, 
and an investigation was made by means of a graphical analysis developed 
by De Juhas«^^\ Tho results of this analysis are shown graphically 
in Figures 10 (a andb), and the full analysis of the surges at two 
different pressures is given in Appendix I. An inspection of Figure 
10 (b) will show that for the two pressures selected (3700 Ibs/sq. inch 
end 2600 Ibs/sq. inch), there is a large pressure drop during tho first 
surge (time equal to 2 L/a) which is rapidly damped out. The magnitude 
of the pressure variation in the line for the reservoir prosstire of 3700 
Ibs/sq, Incii is greater than for the reservoir pressure of 2500 Ibs/sq, 
inch. However, Figure 8a (3700 Ibs/sq. inch pressure) shows no “valley*, 
while Figure 8c (2500 Ibs/sq. inch) shows a deep valley at this speed 
(1100 injections per minute). This would seem to indicate that possible 
pressure surges in the lino do not cause these irregularities in weight 
of fuel injectod. 

An inspoctlon of Figures 8 end 9 shows no apparent continuity 
or relationship between the several variables at points where the various 
*valleys* occur. Howe ter, it was found that certnin conditions of 
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pr«8srurOf ipeed, and condenser capacity* it was itipoasl'ble to prevent 
flucttiationo of the pressure in the syatea* as evidenced by the fluc- 
tuations of the needle of the pressure gage. This ie believed to have 
been caused by a resonant condition between the spring-mass system of 
the regulator, N, and the rest of the system under these conditions of 
speed and pressure. These fluctuations were about twenty-five Ibs/sq, 
inch above and below the desired pressure. These fluctuations were 
undoubtedly indicative of pressure variations In the system which, at 
resonant frequencies, could have attained comparatively large nagnitudes. 
This belief Is bonie out by the surfaces of Figure 8. Figure 8a (3700 
Ibs/sq. Inch pressure) shows the effect of speed end condenser capacity 
upon wel^t of fuel Injected at full ptasp pressure; that is, with the 
re/nilotox gflaglfitaXY thorefore, ml ia In all 

other diagrams of Figure 6, the regulator is in use to some degree and 
irregular! tie • in weight of fuel injected arm evident In each figure. 
Therefore, it it believed that most, if not all, of these Irregularities 
are caused by the regulator. Since the regulator is not a part of the 
magnetic Injection valve system, bat sliaply a laboratory device in- 
stalled to permit the attaining of various pressures In the analysis of 
the operation of this valve, its deficiencies are not properly charge- 
able to the magnetic valve. It is believed that a regulator, installed so 
as to throttle tlie supply to the hlgli pressure pu«p, would bo so far re- 
moved from the magnetic valme as to obviate any possibility of a re- 
currence of theoe effects In a ftirther investigation along the sazae lines. 
Figure 7 (current versus time) indicates that for a condenser 
capacity of 600 microfarads, the current in the coll of the magnetic 
valve does not greatly exceed that current necetoary to open the valve. 
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Thuf, it i« conc«lv‘ibla that there Ri^cht he occaeioni rhen the YalTc is 
act opened fully* or although once opened, has a tendency to cloae early. 
However, plcturee of the spray and vieual exaainatlon of the spray during 
the progress of this Inrestlgatlon hare failed to disclose any evidence 
of such interalttent operation at this low capacity. In addition, ir- 
regularities are noted in several instances at condenser capacities above 
600 adcrofarads, when the current in the coll is of such value as to 
preclude any possibility of this factor causing these irregularities. 
Therefore, it is felt that the small fnirrent at the low condenser capac- 
ities is not a cause of these irregularities. 

In Tigure 8 (e), the surface is extended to a condenser cappcity 
of 2S60 microfarads. This surface is quite fl^t and smooth, and indicates 
that for the valve investigated, any increase of condenser capacity be- 
yond ISOO mierofaredt is unneoessaxy. 

B. - Point of start of injection. - Theoretically, tho point of 
opening of the valve should not vary with pressure. According to yigure 7 
(plot of the current In coil as a function of tine) the variation of the 
time of opening with change in condenser capacity is negligible. The 
point of opening of the valve varies directly with speed. Table X shows 
the point of opening of tho valve (injection delay), based on 36° (on 
retary spark gap dial) as sero point. Within exporinsental limits, this 
table shows that there is no change In the injection delay with cheinge in 
condenser capacity, and that the change in injection delay varies linearly 
with speed. The change in injection delay with variation in pressure shows 
that the delay was notably greater for pressures of 1500, 2000, and 2500 
lbs por sq. Inch than it was for preoaures of 1000, 3000, and 3700 lbs 
per eq, inch. The test runs were made in the following order? 1500, 2000, 
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2500 , 3000 , 3700, /md 1000 !!)« por flq. Inch, Thit fact sugRoat* that son« 
ehan^ occurred In th® adjustaient of th® valve or that the spark gap ad- 
justment changed after the 2500 lha per tq. inch run was co»pl®t«d. The 
discrepancy in injection delay can he accounted for in no other way. 

Injection Delay (From 36^) in Degrees 

Condenser 



Pressure 


Capacity 


Speed 300 


500 


700 


900 


1100 


1300 


1000 


1300 


.2 


1.7 


2,2 


3.8 


6.5 


7.5 




1100 


.3 


1.8 


2.2 


3.9 


6.5 


7.2 




900 


• 3 


1.8 


2.2 


4.0 


6.5 


8.0 




700 


.6 


1.9 


2.5 


3.9 


6,8 


8.1 




600 


.7 


2.0 


2.8 


4.4 


7.5 


8.7 


1500 


1300 


1.3 


3.3 


4.3 


5.4 


8.9 


9,0 




1100 


1.4 


3.2 


4,5 


5.4 


8,9 


9,2 




900 


1.5 


3.6 


4,5 


5,5 


8.9 


9.1 




700 


1.5 


3.8 


5.0 


5.5 


8.8 


9.7 




600 


1.5 


3.8 


5.2 


6.6 


9.2 


10.2 


2000 


1300 


1.0 


2,5 


3,6 


6.6 


6.7 


7.8 




1100 


1.2 


2.5 


3,8 


6,3 


6.7 


8.9 




900 


1.2 


2,6 


4.0 


6.3 


6.7 


9.0 




700 


1.3 


2.8 


4.2 


6.1 


6.8 


9.2 




600 


1,4 


2.9 


4.2 


6,2 


7.9 


10.3 


2500 


1300 


1.2 


2.7 


3.5 


5.0 


7.0 


7.5 




1100 


1.3 


2.8 


3.5 


5.0 


7.0 


7.6 




900 


1.5 


2.7 


3.7 


5,2 


7.1 


7,7 




700 


1.4 


2.8 


3.7 


5.0 


7.2 


7.7 




600 


1.6 


3,0 


3.9 


5.0 


7,2 


8.0 


3000 


1300 


.1 


2.1 


3.4 


4.9 


5,8 


6.9 




HOC 


.2 


2.1 


3,3 


5.0 


6,1 
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C, - Duration of injection, - Fifjure 6 shows the variation in the 
duration of injection (duration of opening) of the laagnctic valve with 
change in condenser capacity, and at constant prossuros, C’»irves of 
ohaerved duration are Bhown for each of the six test pressures, Yalues 
used for each curve are the mean of values ohserved at the several speeds 
used in the investigation. These curves have the same general shape for 
all pressures and it io believed that the variation in duration of open- 
ing at the different pressures is due to the effect of the pressure 
gradient in the oil (due to flow) acting on the button which is brased 
to the valve stem. This pressure difference is greater at the hi|^er 
values and therefore closes the valve more quickly, thus shortening the 
duration of opening. 

Two other curves are shown in Figure 6, one (a) being a curve made 
up of the calculated duration of opening based on the current equation 
(Appendix I), and one (b) being calculated from observed values of weight 
of oil injected at a pressure of 3V00 Ibs/sq, inch. In calculating the 
values for the latter curve, a coefficient of discharge of 0.8 is used, 
although this coefficient may vary between 0,65 and 0.82^^ If 

a lower coefficient of discharge were used, instead of 0,8, the resulting 
curve, while retaining tho shape and slope of (b) as plotted, would more 
nearly approximate the lieight of (a), Coaparing curve (b) (c « .8) with 
the curve of observed values (3700 Ibs/sq. inch) it is found that the two 
are similar in shape and slope. Furtheraore, curve (b) shows a duration of 
injection of about 75 x lOT^ seconds less than the observed curve. The 
observed values are, in reality, the tine from tho beginning of oil flow 
as observed at the valve tip until the end of that flow is noted. There- 
fore, this observed time is in error by the extra tine required for the 



i.t4^ «»!■% • •' ••• i4) rr JftisuU H tJvl4i-4«A 

. x’^C .♦ - »•»*! /*••■♦ 0% • *T« ••- ‘ '• ;wi /‘^ 

»^£l»V .»#if*««i>'<iv fill* »*• ml !• -> •■ m* > 

«;:<i !• %9 tt«v<6 Tiv* HKvm v^4« w>«b .Aelhi t«| ^M■ 
m> #^kI« »((l «iU M JMiV 

\¥ •cUmtiit ^ JStifs2r^ %dj ilfVu4tl( si •«x7u^nsf llA 

tn ^ <nrf^ •« mi 

•! iBiiBr i*f# n* vl w4) U»* *‘ »»wau^ 

tigt f I ' tiL# .‘.' ti »>v«» y 9 ' •Jl^^ ,BiM# BB cvi 

*4^BI ,\K0r^mt «M mttsXr> rs'-Vcsitl Si*-- 4«criJT 

.• i#l'»««a t* nei.3<i?SruB 

•BM f'WS^ ▲ Mit .■ «%£r-. ;* *;> •-«*.* 

ptf *” ! w <AA k0«*^ lA tAif ^ tilaBlli*® •d4 ^ ^ 

HttSm AMI !#) m i&» ,(I *iAr.*n-»A) 

miY •p«tl« tti . jtiil ,« #\ ^ me^.mT « 4# §*»^re*i,*i iio lo 

5/i ^<9 ^ • ,0ma» vn»4#*f SA# >0^ <Mert«r 

^ (^ ^ ^^.0 >4.1 IB90¥¥¥0 XW iS*X*it>t(«U tf.4/ M^0HU 

VifiMt ^ t* Ji U JWAlttMA ^>moX * 

0[x*m .i^94&ttr9m %» * *M ixtf •«*Tm 

4«4tY »»; (9) ,U; ^ SitilaB «di# •i^mJLMtrt^ 

<«r« tAI ^ V WiA li ^1 (ABI Marr#*v *!• stm 

%e* ..#41^ ' tcv^ Cir^ #f:aif ,#-M» »«• a 1 tsilhilii •%# 

i^ .WidS ^g9¥m€9 sA« iLJi^ l^**# tmc'^r* * a ^ #J^«* ^ 

*itl ^ •<'*'* Awwl waiA# mL «i .Pt« ••* 

'f •! ^ M ••!» U/tl' sit m 

^ f4mSi9r»« »-ai m9\rn m€^ %9 «mA 1« •! «i tmrfvmie 



19 



last particlss to flow from tho valyo e«at to th© tip. last 

particls* flow at a rednctd rslocity sinew their aonentm is the only- 
force propelling then: tho prosstire differential, which ca-uses the flow, 
having becone zero at the instant the needle valve closed. It is be- 
lieved that curve (b) is very nearly the curve of actixal duration of 
opening of tho valve. 

Curve (a) has a nlnlBras value of 96 x 10 seconds at 600 micro- 
farads and a maxintun value of 167 x 10*"® seconds at 1300 microfarads. 

The curve closely approaches a stral^it line, but is sll^tly convex 
upwards. Curve (b) has a minlnum value of 21 x 10“5 seconds at 600 
microfarads and a maxlcua value of 114 x 10“® seconds at 1300 microfarads , 
In the interval from 600 to *?D0 microfarnde, the slope is quite steep, 
but from 700 to 1300 microfarads the elope decreases gradually until it 
ie quite small at 1300 microfarads. This deviation of act-ual values 
from those values predicted by the cnrwnt flow is due to the inertia of 
the valve stem, armature, and springs, and to the force of the friction 
of the oil passing these parts. ?fhen the valve is closed, the force ex- 
erted by the flux lines is the only force tending to open the valve, 
while the spring force and the inertia of the aovafcle parts of the valve 
tend to oppose the opening. The inertia thus tends to make the valve 
open later tixan It would otherwise. Thie effect is most pronounced at 
the lowest condenser eapaclty, as Jlgure 7 shows, for the force avail- 
able to open the valve at 600 microfarads is only slightly in exeess of 
the force required. At the higher capacities the available force is 
much greater than that required. After the valve is opened the forces 
tending to close it are those due to: (1), conpression of the spring, 

(2), the pressure gradient in the oil due to flow acting on the button. 
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500 Ibs/square inch, 600 injections per rainut 
Pictures token at cut-off 



Figure 12 
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600 nicrofarftdt (4 Inches), Figur* 13 «howt pictures taksn with ralTS 
operating at 2600 11)1/ sq. inch* 1100 raicrof arads , at a tine of .002 
seconds afts^r start of injection* and at various speeds. The pictures 
•how the spray for speeds of (from top to hotto®)? 1200* 1000 * 800 * 600, 
and 400 injections per ainute. The penetration at first glance ap}->ears 
slightly irregular, hut when it is considered that at 1000 rpa (the speed 
at which the gr-*atest irregularity occurs in the pictures), a difference 
in setting of one degree iseans about 2jr inches difference in penetr» tion* 
the deviation from the av-rage of about 1^ inches at these speeds is 
easily ex:)>lalned« The vibration of the apparatus (at hl^or speeds) 
between the time of setting the spark gap and of taking the picture could 
have caused this dr^-onge. In addition* puy variation in the printing of 
the picttire tends to change the mount of the feathery tip of the spray 
that is shown and thus ohenge the penetration slightly. 

All the pictures of tho spray In Figures 12* IS, and 14 are tine 
expostoros ond therefore are not picturos of single sprays* but of several 
•prays. 

In the practical use of this magnetic Injection valve, a condenser 
of constant cepaclty will be used and the charge on ths condonssr, and 
therefore the weight of fuel injected per strolco, varied by Ia'^^ns of a 
T-rlable resistance In series in the battery circuit. Thus, a aore flex- 
ible control of tho weight of fuel injected cnn be obtained by this method 
than by the method used in this investigation. 
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1200 rpm 
1000 rpm 

800 rpm 
600 rpm 

400 rpm 

2500 Ibs/square inch, 1100 mfds, 
picture taken .002 seconds after 
start of injection. 




Figure 13 




COIIGLUSIOHS 



Th« result « of this Investigation lead to the following 
eonclusions: 

1, • 5*hats for a constant pressure, the weight of fuel in«» 
Jected per stroke It a function of condenser capacity, and to a 
very much lesser extent, of speed; 

2, - That, for the magnetic injection valve investigated, 
the practical range of condenser capacities is fi’om 600 to 1300 
microfarads; and 

3, - That, "because of the regularity and reproducibility 
of the spray, an engine equipoed with nagiistlc injection valves 
•hould he smoother running and more economical than an engine 
o<julpped with Jark-puapa, 
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APP3KDIX I 



AnalyBi* of Pr^simr* Snrcjaa in Piuil Xajeotlon Llat 

B»f«r«inc«t ’’I^lraullo Phono?a«na in Fuel In- 
jection Systeae for Die tel Snslnes,** K* J. 

DeJnh&oe* Trantucticnst A.S.M.S.* Koven'bart 
1937, pace* 669-670. 

Aoomme a preeerure of 1^500 ItMi/eq. inch, a epoed of 1100 Injectlont 
per mlntite, and a condenser capacity of 600 microfarade 
Lot Qco-uaticctl velocity of oil# a « 4700 ft/eoc 

Modulus of olaafelclty of oil# k » i?84»000 lb«/in^ 

coefficient of diach^irgo of nostlo, ;W. « .6 

specific gravity of oil# )(' * ,8644 

fuel lino length# L « 7 inches « ^ ft 

internal dieaneter of fuel line# D o ,06 Inches 

Magnetic injection valve orifice dicjseter# d = #032 inches 

tan q(, * it age 8s 60.4 

a 4700 

Sk m ^ > XT/ l S . a ,000246 seconds 
a 4700 

At a pressiire of 2S00 Ihs/sq. Inch# a condenser capacity of 600 Micro- 
farads# cad 1100 lnJoctions/»inute, period of Injoctlon is 6,8® or 
,00118 seconds 
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Haferenc« - “Principles of Alternating Ctirrents” - Lairrence* 

pages 164) 165. 
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